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N view of the wide-spread use of borax and boric acid as food preservatives it is somewhat singular that our knowledge of the influence of these substances upon the nutritional processes of the body is so slight and uncertain. E. de Cyon,l M. Gruber,2 and J. Forster 3 have indeed studied the action of these agents upon proteid metabolism, but with results which are utterly lacking in harmony. Thus Cyon's work with borax seemingly indicates that proteid metabolism is diminished under its influence, i. e., that borax tends to protect the consumption of proteid matter in the tissues. Gruber's experiments, on the other hand, indicate with equal positiveness that borax has no proteid sparing power, but really leads to an increase in the rate of proteid metabolism. To add to the uncertainty, the experiments with boric acid carried out under Forster's supervision tend to show that this agent is wholly without influence upon proteid metabolism. Obviously, conclusions which are so much at variance cannot be accepted without careful consideration. Cyan's experiments were conducted simultaneously on three fullgrown dogs which were fed upon a diet almost exclusively proteid.
His observations
were practically limited to determining changes in body-weight during short periods, with an estimation of the nitrogen of the urine.
He found that during the period when borax was included in the food, the animals gained noticeably in body-weight and that less nitrogen was contained in the excreta than in the ingesta. From these very crude observations the conclusion was drawn that borax, even to the extent of 12 grams per with the food, especially when the latter is day, may be inges essentially p rotei d ted in nature, without provoking the slightest disturbance in general nutrition.
Further, Cyon appeared to see in his results evidence that borax, if substituted for common salt in food, will facilitate the assimilation of the latter and bring about a great increase in the weight of the animal.
Such deductions, however, were wholly unwarranted from the data at hand, for not only were the periods of observation exceedingly short, but, as pointed out by both Gruberl and C. Voit," the animals at the beginning were much emaciated and received throughout the experiment such excessive quantities of meat that increase of body-weight would have inevitably followed without the presence of borax.
Consequently, all that can be inferred legitimately from Cyon's experiments is that assimilation and general metabolism were not seriously affected by borax in the quantities given.
In Gruber's work more scientific methods were pursued, but it may well be questioned whether the conditions under which the experiments were conducted were adapted for bringing out clearly the full action of borax upon proteid metabolism.
The two dogs employed were fed simply upon meat and water, and were presumably i.n a condition of nitrogenous equilibrium.
In the first experiment, where the animal received daily 1500 grams of meat and 200 C.C. of water, the daily excretion of urea in the urine varied from 75.82 grams to I 10.30 grams during the six days prior to the administration of borax. Then 20 grams of borax were introduced with the food, an amount so large that vomiting was at once produced, leading to a loss of about 5 grams of the borax and about IOO grams of the meat, with most of the water. On this day, however, 108.20 grams of urea were excreted in the urine, although the food consumed was 100 grams less than the usual quantity.
On the two fol-/7zJtlumce of Borax and Boric Acid upon Ahtrz'tiolz. /7zJtlumce of Borax and Boric Acid tipon AhVitiolz. 3 3 lowing days, without borax and with the full complement of food, lowing days, without borax and with the full complement of food, the excretion of urea amounted to 109.00 and 107.60 grams respecthe excretion of urea amounted to 109.00 and 107.60 grams respectively. From these results Gruber concludes that the borax increased tively. From these results Gruber concludes that the borax increased the excretion of urea 4-6 per cent. the excretion of urea 4-6 per cent. In the second experiment, with
In the second experiment, with a dog of 34 kilos body-weight, fed on a daily ration of I IOO grams a dog of 34 kilos body-weight, fed on a daily ration of I IOO grams of meat and 200 C.C. of water, the daily excretion of urea varied of meat and 200 C.C. of water, the daily excretion of urea varied from 70.86 grams to 80.60 grams for the four days of the nmmd from 70.86 grams to 80.60 grams for the four days of the nmmd period, while the administration of IO grams of borax was accomperiod, while the administration of IO grams of borax was accompanied by an excretion of 82.14 grams of urea, and, on the second panied by an excretion of 82.14 grams of urea, and, on the second day following, the introduction of 20 grams of borax was accompaday following, the introduction of 20 grams of borax was accompanied by an excretion of 85.25 grams of urea. nied by an excretion of 85.25 grams of urea. Further, on this latter Further, on this latter day the volume of urine rose to 1310 c.c., while the largest daily day the volume of urine rose to 1310 c.c., while the largest daily excretion prior to this day was 1040 C.C. excretion prior to this day was 1040 C.C. Gruber, therefore, conGruber, therefore, concludes that borax does not spare proteid as Cyon asserts, but, just as cludes that borax does not spare proteid as Cyon asserts, but, just as in the case of common salt, sodium sulphate, and other neutral salts, in the case of common salt, sodium sulphate, and other neutral salts, it causes an increase in the elimination of water from the body and it causes an increase in the elimination of water from the body and induces therewith an increased proteid catabolism. induces therewith an increased proteid catabolism.
It is not to It is not to be inferred from this statement that there is simply an increased be inferred from this statement that there is simply an increased washing out of urea from the tissues, for, as Voit 1 has pointed out, washing out of urea from the tissues, for, as Voit 1 has pointed out, the amounts of urea excreted on the days following the ingestion of the amounts of urea excreted on the days following the ingestion of borax simply fall back to the neighborhood of the average for the borax simply fall back to the neighborhood of the average for the normal period, and do not drop below that average. normal period, and do not drop below that average. Gruber also conGruber also concludes that borax has no unfavorable influence upon the assimilation cludes that borax has no unfavorable influence upon the assimilation of food, since the quantity of farces, of food, since the quantity of farces, their content of solid matter their content of solid matter and of nitrogen are within the limits of the normal elimination durand of nitrogen are within the limits of the normal elimination during periods when meat alone is fed. ing periods when meat alone is fed. Further, no harmful influence, Further, no harmful influence, even after the ingestion of the largest dose-20 grams-was to be even after the ingestion of the largest dose-20 grams-was to be observed, and the appetite of the animal was found to be undiminobserved, and the appetite of the animal was found to be undiminished on the days following that upon which borax was given. ished on the days following that upon which borax was given. The The objection we would make to accepting Gruber's conclusions in objection we would make to accepting Gruber's conclusions in their entirety is that they are based solely upon the results following their entirety is that they are based solely upon the results following the administration of two large doses of borax, IO and 20 grams, the administration of two large doses of borax, IO and 20 grams, whereas, to our mind, longer periods with a dosage of borax conwhereas, to our mind, longer periods with a dosage of borax continued for several days in succession would seemingly render the tinued for several days in succession would seemingly render the conditions much more favorable for an accurate judgment as to the conditions much more favorable for an accurate judgment as to the character of the influence exerted by the substance on tissue changes. character of the influence exerted by the substance on tissue changes. Further, since urea alone was determined in the urine, possible minor Further, since urea alone was determined in the urine, possible minor changes connected with the presence of the salt would naturally be changes connected with the presence of the salt would naturally be overlooked. overlooked.
Lastly, we are inclined to the view that it is extremely Lastly, we are inclined to the view that it is extremely In view of the length of the experiments-ranging from twenty-seven to fifty-six days each, with periods of eight to ten days duration -it seemed inadvisable as well as unnecessary to empty the bladder each day with a catheter.
Such diurnal variations as might possibly occur from incomplete emptying of the bladder at the end of the twenty-four hours would obviously be neutralized in periods of the above length, and consequently the urine was collected as naturally excreted, thus avoiding any possible disturbance of the normal condition of the bladder, etc. At the end of each twentyfour hours, the urine collected was combined, and its volume, specific gravity, etc., determined, after which the bottom of the cage was rinsed with a little distilled water and these washings added to the main fluid. The latter was then made up to some convenient volume in preparation for the daily analysis. The fzces whenever passed were collected in a weighed dish, the mass thoroughly desiccated over a water-bath, and the dry weight ascertained.
The dried material was then pulverized and the nitrogen-content as well as the ether-soluble matter determined in sample portions.
The nitrogen determinations were alwavs made in duplicate by the Kjeldahl method and rarely varied more than 0.05 per cent. Whenever, as sometimes occurred, hair accumulated in the cage it was likewise collected and the nitrogen determined.
The ether-soluble matter was determined by extraction of the dried fzces in a Soxhlet-apparatus.
The animals were fed during the experiments on a mixed diet composed of fresh lean beef, cracker dust, lard, and water. The meat was prepared as follows : fresh lean beef, freed as far as possible from all adherent fat and connective tissue, was run through a hashing machine, after which it was enclosed in a bag of thin cloth, placed under a heavy press, and kept there under increasing pressure for several hours, the bloody fluid which drained off being thrown away. By this method there results a mass of tissue free from surplus moisture, and which, when enclosed in a bottle, will keep perfectly fresh on ice for seven to ten days without separation of fluid. Several advantages accrue from this method.
Thus, we have a perfectly homogeneous mixture which can be drawn from for at least a week with surety that its nitrogen-content is constant. There is therefore no necessity for a daily determination of nitrogen in this portion of the diet, for each sample can be analyzed when prepared and the data accepted as long as the meat keeps fresh. Further, meat prepared in this manner at different times, if subjected to essentially the same pressure, varies only slightly in its content of nitrogen. We have invariably analyzed each lot when prepared to avoid any pas- The carbohydrate element in the diet, as already stated, was supplied by commercial cracker dust. This was purchased in large quantity and preserved in well stoppered bottles.
It contained on an average 1.46 per cent of nitrogen.
The lard employed was entirely free from any recognizable amount of nitrogen.
The daily diet was divided into two equal portions, on:-half being fed at 8 A.M. and the other half at 6 P. M.
When borax or boric acid was given, the daily dose was likewise divided and given either with the food or directly after.
The body-weight of the animal was taken each morning just before feeding. Each day's urine included the fluid passed from 8 A. M. to 8 LL M. of the next day.
Methods
of Analysis. -Nitrogen was determined wholly by the Kjeldahl method, viz., in the daily analyses of the urine, feces, and food material.
All analyses were made in duplicate, and the figures given are based upon the average of closely agreeing results.
In analysis of the urine 5 C.C. were used for each determination, oxida-tion being carried out in a long-necked Kjeldahl flask with IO C.C. of sulphuric acid and a crystal of cupric sulphate, thus doing away with the necessity of addin g sodium sulphide in the distillation. The ammonia formed was distilled into quarter-normal hydrochloric acid, the latter being titrated with quarter-normal ammonia, using congo red as an indicator.
Sulphur and phosphorus were determined in the customary manner by evaporating a given volume of the urine -25 C.C. for each determination -l m a roomy silver crucible with IO grams of pure sodium hydroxide (made from the metal) and z grams of potassium nitrate, igniting the residue until oxidation was complete and treating the fused mass with water. For sulphur, the mixture was acidified with hydrochloric acid, evaporated to dryness, the residue moistened with a few drops of hydrochloric acid and dissolved in hot water. The filtered solution was then precipitated in the usual manner with barium chloride, the resultant barium sulphate filtered, ignited, and weighed, thus giving data for calculation of the total sulphur. the oxidized urine was acidified with nitric acid, evaporated to For phosphorus, the aqueous extract of dryness, the residue moistened with nitric acid and dissolved in warm water. From this solution the phosphoric acid was precipitated in the usual manner with molybdic solution and eventually transformed into ammonio-magnesium phosphate. From the weight of magnesium pyrophosphate obtained, the total phosphorus of the urine was calculated.
Uric acid was determined by the well-known Salkowski-Ludwig silver method, using 100-200 C.C. of urine. Phosphoric acid was determined by Mercier's 1 modification of Neubauer's method, i. e. by titration of 50 C.C. of urine with a standard solution of uranium nitrate and tincture of cochineal as an indicator.
Total sulphuric acid was estimated by diluting 25 C.C. of urine with 3-4 volumes of water, adding 5 C.C. of dilute hydrochloric acid, heating to boiling, and precipitating hot with barium chloride. The barium sulphate so obtained, after standing twenty-four hours in a warm place, was washed with hot water until free from chlorides and lastly with hot alcohol, ignited, and weighed.
Combined sulphuric acid was determined by Baumann's method, using I00 c. -The animal made use of in this experiment was a short-haired mongrel bitch weighing about 12 kilos.
She was brought into a condition approximating to nitrogenous equilibrium only after a preliminary period of nearly three weeks, during which time superfluous fat was lost and she became wholly accustomed to her surroundings.
The daily food, at the time the experiment actually commenced, consisted of 250 grams of the prepared meat, 70 grams of cracker dust, 40 grams of lard, and 500 C.C. of water. It contained 9.814 grams of nitrogen. This diet, with the above content of nitrogen, was adhered to throughout the entire experiment of twenty-seven days, the only variation being the slight changes in the amount of nitrogen, to be seen in the tables, incidental to the use of different lots of meat and in the employment of gelatin capsules during the borax period. These gelatin capsules, in which the borax was adtiinistered, contained 14.95 per cent of nitrogen, the four capsules used each day during the borax period containing 0.12 gram of nitrogen. This amount was naturally included in the nitrogen of the food.
The experiment extended through twenty-seven days and was divided into three periods of nine days each : a fore or normal period during which no borax was given, a borax period during which 45 grams of borax (5 grams a day) were administered, and an after period when normal conditions again prevailed. During the borax period of nine days the quantity of borax given per day amounted to nearly 0.6 per cent of the total food and drink ingested, while of the solid food it formed 1.3 per cent. This dosage of borax, considering the size of the animal, was fairly large, and with this particular dog considerable difficulty was experienced in inducing the animal to take it. At first the borax was simply mixed with the food, but its presence was quickly detected and the food refused, although it was eventually coaxed down, but with some difficulty.
After this first day the borax was given in capsules, as already stated, and no further difficulty of this sort was experienced.
Three times during the borax period, however, the animal was nauseated and vomited a portion of the food, thus showing that this quantity of borax was sufficient to disturb the physiological equilibrium of the animal.
The vomited matter was eventually eaten, however, later in the day, so that this occurrence did not disturb the validity of the experiment, It will be remembered that in Gruber's experiment with a much larger dog (39 kilos) 20 grams of borax likewise caused vomiting. In his experiment, however, the entire dose of borax was taken at one time, while in our case, 2.5 grams were given in the morning and a like quantity at night.
Hence, taking into account the weight of the dog, it might perhaps be argued that 0.25 gram of borax to I kilo of body-weight will produce vomiting. This, however, is very questionable, for in the above experiment the dog did not vomit until the afternoon of December 5, when she had already taken 12.5 grams of borax. In other words, the animal was without doubt suffering in part from the cumulative action of the salt. Thus, there was a slight attack of vomiting again on the fifth day (December 7) and a final attack on the eighth day (December IO).
During the after period of nine days the animal was perfectly normal, and at the close of the period, to again test the action of the borax, 5 grams were given at one time shortly after the morning meal. Forty-five minutes afterwards the animal vomited, and this occurred three times during the forenoon. We are inclined to lay particular emphasis upon this action of the borax because it tends to show that in this first experiment the dosage of borax through the nine days' period was as large as it well could be for this particular animal without vitiating the experiment, and that the conditions were therefore well adapted for bringing out distinctly any possible influence the borax might have upon the metabolic phenomena of the body. Further, we would call attention to the obvious advantage -in spite of the greater labor involved -of continuing experiments of this character over comparatively long periods of time. To be sure, in some cases where the substance being tested has a marked physiological action, a single dose may show at once the character of the influence exerted, but too often erroneous conclusions are arrived at through negligence of this precaution.
Where, however, the substance under examination is given for five to ten days consecutively, with careful examination of the excreta, the chances of detecting minor influences are greatly increased, and at the same time the danger of being led astray by a single exceptional result -or by other possible errorsis greatly diminished.
The following tables contain the analytical results obtained throughout the experiment. showed a tendency to rise somewhat, i. e., from 10.9 kilos to I 1.5 kilos. This, however, is not to be attributed to a laying on of fat nor to a retention of nitrogenous matter by the body, but is the result simply of a diminished excretion of water due to the presence of the borax. The results in this connection are in direct opposition to those obtained by Gruber with single doses of borax.
There is here no suggestion whatever of an increased excretion of water, but on the contrary, a very marked decrease. Thus, by reference to the accompanying tables, it will be observed that during the fore period the total volume of urine excreted amounted to 5629 C.C. and the body-weight remained practically constant, i. e., 10.9-I I .o kilos. During the borax period, however, the volume of urine excreted fell to 4981 C.C. and the body-weight gradually rose to I I .3 kilos, while in the after period the volume of urine rose to 5427 C.C.
with a constant body-weight of I I .5 kilos. It is thus quite clear that borax may decidedly check the output of water through the kidneys, and lead, as in this case, to its retention within the body. Very noticeable also, in this experiment, is the sudden change in the specific gravity of the urine, as also in the reaction of the fluid, when borax is given. Thus, in the fore period the specific gravity of the urine stood at 1017-1018, but at the opening of the borax period it rose at once to 1022-1027, dropping back, however, as the borax was discontinued. Similarly, the reaction of the normal urine was acid to litmus, but on exhibition of borax, the reaction quickly changed to alkaline. The marked rise in the specific gravity of the urine during the borax period is not due solely to diminished elimination of water nor to increase in the proportion of metabolic products, but mainly to the borax itself, which is rapidly eliminated through the urine. We have not made any special trial to ascertain how soon the borax appears in the urine after its administration, but we have observed that the urine collected on the first day of the borax period gives, after acidulation with hydrochloric acid, a strong reaction with turmeric paper for boric acid. Further, that the elimination of borax through the urine is very rapid is manifest from the fact that, at the end of the borax period, the animal having received 45 grams of the salt, no trace of a reaction could be obtained with is the result of ten diys' consecutive feeding with boric acid, it is manifest that the stimulatin g action is very slight, and our results may perhaps be considered as practically in accord with those reported by Forster, who found that in man on a mixed diet, boric acid in moderate doses (1-3 grams) was without influence on proteid decomposition as measured by the excretion of urea. Upon the assimilation of the proteid food there is no evidence of any action, i. c., the nitrogen content of the fzeces during the boric acid period is essentially the same as that of the fore and after periods. Further, the total weight of farces for each of the three periods is so nearly the same, it is quite evident that assimilation has not been materially interfered with. In this respect our results fail to agree with those reported by Forster, who found that small doses of boric acid ( I gram in two days) given to a man on a mixed diet, and on a milk and egg diet, increased the excretion of farces; this increase being due, according to Forster, not to any decrease in the assimilation of fat nor to increase in the volume of the secretions, but to a decreased assimilation of the proteid food under the influence of the boric acid. This difference in our results may of course depend upon the difference in the character of the animal species.
In our experiment, the weight of the animal remained perfectly constant throughout the entire period of thirty days.
The accompanying tables contain the various data obtained.
Unlike borax, boric acid fails to produce any change in the volume of the urine.
Thus, in the fore period of ten days the total volume excreted amounted to 4647 c.c., while in the boric acid period of the same length the total volume was 4665 c.c., and in the after period 4644 C.C. Further, there is no marked difference, to be measured by litmus paper, in the reaction of the fluid, although, as the tables show, alkaline reaction is more common in the normal periods than in the boric acid period.
In the latter period, however, the specific gravity of the urine, as might be expected, shows a higher average than in the two normal periods. This is due, as in the case of borax, to the rapid elimination of the boric acid through the urine. The latter shows the presence of the acid by the turmeric test on the first day of the boric acid period, while on the second day of the after period all trace of a reaction disappears, thus showing that the acid is rapidly eliminated from the body and is practically ccompletely removed twenty-four to thirty-six hours after the last dose. Upon the elimination of uric acid, boric acid appears to have a slight inhibitory effect, at least under the conditions of this experiment, but upon the excretion of total and combined sulphLn-ic acid, chlorine and phosphoric acid, no tangible effect is prochced. Certainly, the results in connection with combined sulphuric acid do not indicate any retarding effect upon the putrefactive processes of the intestine.
In this connection it will be remembered that in Forster's experiments on man doses of boric acid, corresponding to those used by us, apparently gave rise to a marked retardation in the amount of ethereal sulphate excreted.
As a result, Forster arrived at the conclusion that boric acid materially reduces intestinal putrefaction.
Our results, however, show no action of this kind in the dog, and we are inclined to the view that both borax and boric acid are too rapidly eliminated from the system to be very effective in the intestine. As already stated, the elimination of borax and boric acid through the SECOND EXPERIMENT, -FORE PERIOD. .767
. In only one instance, to be detailed later, where a very large dose of borax was given, could any decided reaction for boric acid be obtained in the fzeces. Johnson'
states that in the case of the human organism borax and boric acid show great irregularity in their appearance in the fieces, and that he was able to detect them in the latter only in six cases out of fourteen, although daily doses of 0.9-3.0 grams of boric acid were given.
Lastly, it is to be noted that in our experiment with boric acid there is no such increase in the excretion of phosphoric acid through the urine as was observed by Forster; our results, indeed, fail to show any distinct influence exerted by boric acid upon the metabolism of phosphorized matter. Acid.-This experiment was divided into seven periods of eight days each, thus making a total of fifty-six consecutive days during which the variations in the composition of the urine and farces were followed as before, under the influence of both borax and boric acid. The object in extending the experiment through this lengthy period was to ascertain whether prolonged treatment with borax and boric acid might not eventually result in such a disturbance of physiological equilibrium that more positive data would be obtained.
VVith this end in view, a mongrel bitch of ten kilos body-weight was brought into nitrogenous equilibrium, after which the urine and faeces were analyzed for eight consecutive days, i. e., the fore period.
Borax was then given with the food for eight days, making the first borax period.
This was followed by another period of eight days during which neither borax nor boric acid were administered, after which came when boric acid was fed. This, in turn, period of equal length, followed by eight a third period of eight days In the first borax period of eight days the daily dose of borax ranged from 2 to 5 grams, the total amount administered being 32.5
grams.
In the following boric acid period the daily dose ranged from 1 to 3 grams, a total of 17 grams of boric acid being given. On commencing the second borax period the daily dose of borax was placed at IO grams. This was continued for two days, but on the third day after taking the morning dose of 5 grams the animal's appetite began to fail so that it became necessary to coax her considerably in order to have the day's ration consumed. On this day, therefore, only 5 grams were given, but on the following day the appetite was nearly normal and 6 grams of borax were given.
The dose was then raised to IO and 8 grams daily, as shown in the tables, a total of 64 grams of borax being given in this period of eight days. 
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. Throughout the entire experiment of fifty-six days the animal remained perfectly well, kept a fairly constant body-weight, and showed no symptoms of nausea or vomiting during the administration of either borax or boric acid. The only noticeable effect was a seeming loss of appetite on one day, as mentioned above.
At the termination of the final after period, a single dose of 5 grams of boric acid was given. This resulted in vomiting 4-5 hours afterward.
The relative excretion of nitrogen for the seven periods is shown in the following In the first borax period of eight days with a total consumption of 32.5 grams of borax, i. e., an average of 4 grams per day, there is practically no change in the rate of proteid metabolism. There is, however, a slight rise in the amount of f;ecal nitrogen similar to that noticed in the first experiment with borax, by which the nitrogen balance is somewhat changed, but there is plainly no effect produced on proteid metabolism. In the second borax period, on the other hand, there is evidence for the first time of a distinct and unquestionable influence upon proteid metabolism.
In this period of eight days 64 grams of borax were administered, and under its influence the excretion of nitrogen through the urine was greatly increased.
As in the other experiments, the proportion of nitrogen in the farces was likewise increased, implying decreased assimilation of proteid food, but the nitrogen balance of -4.878 is mainly due to direct stimulation of proteid metabolism.
When, however, it is considered that to accomplish this result a daily dose of 8 grams of borax was required, and for eight consecutive days, with a dog weighing only IO kilos, it is very plain that proteid metabolism is not readily affected by borax.
In the boric acid period of eight days, with a total dosage of 17 grams of the acid, there is some evidence of diminished proteid metabolism.
The excretion of nitrogen through the urine is certainly diminished;
there appears to be a sparing of proteid, but it is to be noticed that, in the period following, the nitrogen balance remains unaltered, which fact casts some doubt upon the assumption that the result is due solely to the acid. It is of course possible that the action of the boric acid may be continued into the after period, but this we should hardly expect in view of the rapid elimination of boric acid from the system. Further, after the second borax period, where the nitrogen balance is so noticeably disturbed, there is a quick return to the normal, the nitrogen balance for the final period dropping back to -0.661.
Consequently, while the analytical data show a retention of nitrogen during the boric acid period, thus indicating diminished proteid metabolism, we feel some hesitation in attributing the result wholly to the boric acid, particularly as the earlier expcriment with boric acid gave essentially negative results.
Especially noticeable in this experiment, as in the earlier experiment with borax, is the action of the latter agent in reducing the volume of the urine.
[See table showing general summary.] In both borax periods the total volume of urine excreted is distinctly reduced, and the same holds true in this experiment with the boric acid. It is quite probable that the somewhat larger daily dose of boric acid made use of in the present experiment is responsible for this result, although it is possible of course that the personality of the animal may have had some influence.
In the previous experiment with boric acid, where the maximum daily dose was 2 grams, the volume of the urine was unaltered.
In view of these facts it is perhaps proper to consider the larger dosage of boric acid used in the present experiment as responsible for the apparent action upon proteki metabolism likewise.
Also noticeable in this experiment is the influence of the larger doses of borax upon the excretion of total and combined sulphuric acid. Both of these are distinctly increased in amount during the last borax period, in harmony with the increase in proteid metabolism, and there is a suggestion of the same influence in the first borax period.
Moreover, in the last borax period the excretion of phosphoric acid is noticeably increased, while the elimination of uric acid is slightly diminished.
It is thus plainly evident, as already stated, that while moderate doses of borax, even long-continued, are without influence upon the nutritional processes of the body, large doses may distinctly increase the rate of proteid metabolism, giving rise not only to an increased excretion of nitrogen, but also of sulphuric acid and phosphoric acid. In all of these experiments with borax there is constant evidence of an increase in the weight of the farces during the borax periods. This increase in weight is due in part to an increased output of nitrogenous matter through this channel, but whether the latter is caused by diminished digestion and absorption of the proteid food or to a stimulation of the mucous or other secretions from the gastro-intestinal tract is not so clear.
It has been plainly shown, however, in another connection1 that while borax in moderate quantities has no inhibitory action whatever on either gastric or pancreatic digestion of proteids, larger proportions do retard the proteolytic action of both digestive fluids.
Further, retardation of proteolysis with borax is much more pronounced than with boric acid ; hence it seems quite probable that the increased bulk of farces and the higher content of nitrogen therein during the borax periods is due mainly to slight retardation in the assimilation of proteid food. Large amounts of borax likewise interfere with the assimilation of fatty foods ; a statement which does not appear to be true of boric acid. In the accompanying table [page 371 are given the results of our analyses of the dry farces, from a study of which it is plain that under the influence of large doses of borax -first and second borax periods of experiment third -both the total and percentage amounts of ether-soluble matter in the farces are greatly increased. Boric acid, on the other hand, produces no such effect. In the first experiment, with borax, the evidence of decreased fat absorption is less pronounced, although both the dosage of borax and the amount of fat fed were greater than in the first borax period of experiment third.
Quite p ossibly this apparent difference in action may be due to the personality of the animal. However this may be, it is plain that large doses of borax are prone to increase somewhat the bulk of the fzeces, in part by diminishing slightly the assimilation of both proteid and fatty food, and in part, we think, through a tendency to increase the secretion of mucus, Thus, we observed in the last experiment, during the period when the largest doses of borax were given, that the faeces were more slimy than in the normal periods, and appeared to contain more mucus than ordinarily. Further, it is to be noted that under the influence of large doses of borax there is a tendency toward diarrhoea ; not very marked to be sure, but sufficient to render the discharge of fzces somewhat watery. In spite of these evidences of minor action in the intestinal tract with large doses of borax, there is no evidence whatever of any influence exerted upon intestinal putrefaction, either by borax or boric acid.
Even with the largest doses of borax the combined sulphuric acid of the urine is raised rather than lowered, and careful examination of the urine daily with Jaffe's indoxyl test failed to reveal any indications pointing to an inhibitory influence exerted by either borax or boric acid upon the production of indican. If, however, one studies carefully the output of combined sulphuric acid as shown in the various tables it will be noticed that the highest figures are generally obtained on the day (or the day preceding that) on which the dog defecates; while after defecation the combined sulphuric acid of the urine falls at once.
In other words, the natural obstruction of the intestine favors, as is well known, the absorption of putrefactive products, and thus leads to an increase of combined sulphuric acid in the urine.
When, on the other hand, defecation occurs, the cornbined sulphuric acid of the urine is at once diminished in amount. Upon these natural fluctuations of combined sulphuric acid even the largest doses of borax and boric acid are without effect, not because these agents are without influence upon micro-organisms, but because they are too rapidly and completely absorbed from the intestine to exert much influence upon intestinal putrefaction.
In only one in- 
